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ABSTRACT
We have performed a detailed analysis of the Czernik 3 (Cz3) open cluster by us-
ing deep near-infrared photometry taken with TIRCAM2 on 3.6m Devasthal optical
telescope along with the recently available high quality proper motion data from the
Gaia DR2 and deep photometric data from Pan-STARRS1. The cluster has a highly
elongated morphology with fractal distribution of stars. The core and cluster radii
of the cluster are estimated as 0.5 pc and 1.2 pc, respectively. We have identified 45
stars as cluster members using the Gaia proper motion data. The distance and age of
the cluster are found to be 3.5 ± 0.9 kpc and 0.9+0.3
−0.1 Gyr, respectively. The slope of
the mass function ‘Γ′ in the cluster region, in the mass range ∼0.95<M/M⊙<2.2, is
found to be −1.01± 0.43. The cluster shows the signatures of mass-segregation and is
dynamically relaxed (dynamical age=10 Myr). This along with its small size, big tidal
radius, low density/large separation of stars, and elongated and distorted morphology,
indicate that the Cz3 is a loosely bound disintegrating cluster under the influence of
external tidal interactions.
Key words: open clusters and associations: individual (Czernik 3); stars: kinematics
and dynamics; stars: luminosity function, mass function
1 INTRODUCTION
Most of the stars form in a clustered environment in molec-
ular clouds (Lada & Lada 2003). The dynamics of stars
in the clusters as well as the structure of clusters mea-
sured as a function of cluster age hold important clues
on the processes of star formation and stellar evolution.
The Galactic disk is abundant in stars, spiral arms, and
giant molecular clouds. Therefore, star clusters located
in the disk are subjected to disturbance, such as disk
shock, spiral arm passage, molecular cloud encounters, etc.
(Spitzer & Harm 1958; Kruijssen 2012). As clusters age, the
expulsion of gas by stellar feedback as well as dynamical
interactions between stars and binary systems in the clus-
ter soften its gravitational potential, leading to their expan-
sion and to their partial or total dissolution into the field
of their host galaxy (e.g., Spitzer & Harm 1958; Dib et al.
2011; Parker & Meyer 2012; Dib et al. 2013; Parker & Dale
2013; Pfalzner & Kaczmarek 2013; Brinkmann et al. 2017;
Dib et al. 2018). The typical survival timescale of open clus-
ters in the Galactic disk is about 200 Myr (Bonatto et al.
2006; Yang et al. 2013). Open clusters much older than the
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survival timescale usually have distorted shape and loosened
structure which leads to their disruption. The disintegrated
open clusters will then become moving groups and supply
field stars (Tang et al. 2019).
The core (nucleus) and the corona (extended region of
the star cluster) are two main regions in open clusters (e.g.,
Kholopov 1969; Pandey et al. 1990; Sharma et al. 2006).
The nucleus of the cluster usually contains bright and mas-
sive stars along with few low-mass stars, whereas the corona,
relatively contains a large number of faint low-mass stars
(Brandl et al. 1999; Sharma et al. 2006, 2008). Whether this
segregation of massive stars towards the central region of a
cluster occurs due to an evolutionary effect or is of primor-
dial origin is not yet entirely clear. In the first scenario, mas-
sive stars may form anywhere in the cluster and eventually
sink to the cluster center through the effects of two-body
relaxation (e.g., McMillan et al. 2007; Allison et al. 2009b).
This is supported by numerical simulations in which mass
segregation occurs on time-scales that are of the order of the
cluster’s ages (e.g., Allison et al. 2010; Parker 2014). The
second scenario suggests that massive stars form preferen-
tially in the central region of the cluster either by efficiently
accreting gas due to their location at the bottom of the clus-
ter potential well (Dib et al. 2010) or by a coalescence pro-
c© 2020 The Authors
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cess of less massive stars (Dib 2007; Dib et al. 2008). The
time-scale for this mass-segregation to complete is still not
very well known and is important to know its implication
on the dissolution of star clusters. The second scenario is
an active area of research, especially because of the need
to understand trapezium-type sub-systems in star clusters
(Mermilliod 2000), and the associated implications for the
formation mechanisms of massive stars (Bonnell et al. 1998).
During the past decade several studies on star clusters,
stellar evolution and dynamics have been carried out. How-
ever, most of these studies are not always based on deep
photometric data and lacks the membership determination
based on high-quality proper motion (PM) data. Czernik 3
(αJ2000: 01
h03m06s, δJ2000: +62
◦47′00′′ (Dias et al. 2002);
hereafter Cz3, cf. Fig. 1), one of the poorly studied open
clusters, is located in the Galactic plane towards the 2nd
Galactic quadrant (l = 124◦.265, b = -0◦.058). This clus-
ter is cataloged in the OPENCLUST1 as well as in MWSC2
with the distance and age in the range 1.4 - 1.6 kpc and 100
- 630 Myr, respectively. Recently, Bisht et al. (2017) placed
this cluster at a distance of 1.75 kpc with an age of 115
Myr, using the 2MASS data. Since most of the information
about this cluster is derived from the not-so-deep photomet-
ric surveys, we have revisited this cluster and performed a
detailed analysis to understand its dynamical evolution by
using our deep near-infrared (NIR) observations taken from
the recently installed 3.6m telescope at Devasthal, Nainital,
India (Kumar et al. 2018), along with the recently available
data from the Gaia data release 2 (Gaia Collaboration et al.
2016, 2018) and Pan-STARR1 (Chambers et al. 2016).
In this paper, Section 2 describes the observations and
data reduction. The structure of this cluster, membership
probability of stars in the cluster region, fundamental pa-
rameters (i.e., age and distance) of the cluster, and mass
function (MF) analyses are presented in Section 3. The dy-
namical structure of this cluster is discussed in Section 4,
and we conclude our studies in Section 5.
2 MULTI-WAVELENGTH DATA SETS
2.1 Deep NIR data
Deep NIR J (1.20 µm), H (1.65 µm) and K (2.19 µm) band
photometric observations of the Cz3 open cluster (cf. Fig. 1)
were taken during the night of 2017 October 7 using TIFR
Near Infrared Imaging Camera-II (TIRCAM2; Naik et al.
2012; Baug et al. 2018) mounted at the Cassegrain main
port of the 3.6m ARIES Devasthal Optical Telescope (DOT;
Kumar et al. 2018). The weather conditions in these nights
were good with relative humidity < 60 percent and the full-
width at half maxima of the stellar images was ∼0.6 arcsec.
The field of view (FOV) of the TIRCAM2 is ∼ 86.5 × 86.5
arcsec square with a plate scale of 0.169 arcsec. We took four
pointings of the Cz3 open cluster covering the central clus-
ter region (∼3 arcmin square) and in each pointing several
frames in a 5-point dither pattern were taken with exposure
1 New Optically Visible Open Clusters and Candidates Catalog
(Dias et al. 2002)
2 Milky Way Stellar Clusters catalog (Kharchenko et al. 2012,
2013; Schmeja et al. 2014; Scholz et al. 2015)
times of 50 sec, 50 sec, and 10 sec in J, H, and K bands,
respectively. The total exposure times were 500 sec, 500 sec
and 1000 sec in each pointing in J, H, and K bands, re-
spectively. Dark and sky flats were also taken during the
observations. Sky frames in each filter were generated from
the median of the dithered frames.
The basic image processing such as dark/sky subtrac-
tion and flat fielding was done using tasks available within
IRAF3. Instrumental magnitudes were obtained using the
DAOPHOT package. As the cluster region is crowded we
carried out point spread function (PSF) photometry to get
the magnitudes of the stars. Astrometry of the stars was
done using the Graphical Astronomy and Image Analysis
Tool4 with a rms noise of the order of ∼0.1 arcsec. The cali-
bration of the photometry to the standard system was done
using the following transformation equations:
(J −H) = (0.84± 0.13) × (j − h) + (0.35 ± 0.03) (1)
(J −K) = (0.77 ± 0.12) × (j − k) + (1.11 ± 0.07) (2)
(J − j) = (−0.12± 0.13) × (J −H)− (4.06 ± 0.07) (3)
where the capital JHK are the standard magnitudes of
the stars taken from the 2MASS catalog and the small jhk
are the present instrumental magnitudes of the similar stars
normalized per sec exposure time. The typical DAOPHOT
errors as a function of corresponding standard magnitudes
are shown in Fig. 2. We have used only those stars for fur-
ther analyses which are having signal-to-noise ratio greater
than 10 (photometric errors < 0.1 mag). In total, 133 stars
were identified in the central region of the Cz3 cluster with
detection limits of 19.9 mag, 18.6 mag, 18.2 mag in J , H , K
bands, respectively. Some of the brighter stars (18 in total)
were saturated in our observations; we have taken their re-
spective magnitudes from the 2MASS point source catalog.
The positions and magnitudes of the stars in different bands
are given in Table 1.
2.2 Archival data
In order to study a wider area around Cz3, we have selected
a FOV of 10 × 10 arcmin square as shown in Fig. 1 and
downloaded the available data from the below mentioned
archives:
2.2.1 Gaia
The second Gaia data release, Gaia DR2
(Gaia Collaboration et al. 2016, 2018), which consists
of astrometry, photometry, radial velocities, and informa-
tion on astrophysical parameters and variability for sources
brighter than G (0.33-1.05 µm) = 21 magnitude. Gaia DR2
3 IRAF is distributed by the National Optical Astronomy Ob-
servatory, which is operated by the Association of Universities
for Research in Astronomy (AURA) under cooperative agreement
with the National Science Foundation.
4 http://star-www.dur.ac.uk/ pdraper/gaia/gaia.html
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Figure 1. (Left panel): Color-composite image obtained using the J (blue), H (green), and K (red) 2MASS images for an area of
∼ 10×10 arcmin2 around the Cz3 cluster. The yellow region encloses the present observations using TIRCAM2. The small and big green
circles are the core and the cluster regions identified by Bisht et al. (2017). The red contours are the isodensity contours generated using
nearest neighbor method from the 2MASS data (cf. Section 3.1). (Right panels): Comparison of the colour-composite images obtained
by using the J (blue), H (green), and K (red) images for the core region of the Cz3 cluster from the 2MASS (top panel) and TIRCAM2
observations (bottom panel).
Figure 2. DAOPHOT errors as a function of J,H, and K magnitudes.
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Table 1. Sample of the NIR photometry of the stars in the present study. The complete table is available in the electronic form only.
ID α(2000) δ(2000) J ± σ H ± σ K ± σ
(degree) (degree) (mag) (mag) (mag)
1 15.762209 +62.793190 8.523± 0.021 7.937 ± 0.017 7.787± 0.018
2 15.783788 +62.781624 10.577± 0.024 9.600 ± 0.021 9.277± 0.020
3 15.793315 +62.784641 10.904± 0.021 10.092 ± 0.017 9.866± 0.019
4 15.779851 +62.789120 12.475± 0.025 11.515 ± 0.024 11.127± 0.022
5 15.784626 +62.772507 12.550± 0.021 12.047 ± 0.021 11.940± 0.023
contains celestial positions and apparent brightness in G
band for approximately 1.7 billion sources. In addition,
for 1.3 billion of those sources, parallaxes and PMs are
available. This data release also contains the broad-band
colour information in the form of the apparent brightness
in the GBP (0.33-0.68 µm) and GRP (0.63-1.05 µm) bands
for 1.4 billion sources. We have downloaded the Gaia DR2
data from the data archive5. The Gaia sample consists of
stars with error in their PM values less than 3 mas yr−1.
2.2.2 Pan-STARRS1
The Panoramic Survey Telescope and Rapid Response Sys-
tem (Pan-STARRS1 or PS1) imaged the entire northern
sky, above a declination of δ ∼ −30◦, in five broadband
filters (g, r, i, z, y)P1, which encompass the spectral window
from ∼0.4 - 1.05 µm. The survey, which included multiple
pointings per observed field per filter, reached a depth of
gP1 ∼ 23.2 mag, rP1 ∼ 23.2 mag, and iP1 ∼ 23.1 mag in the
stacked images. The details about the PS1 surveys and lat-
est data products are given in Chambers et al. (2016). We
have downloaded images6 as well as point source catalog7
from the data release 2 of the PS1. While PS1 had obser-
vations at multiple epochs, however the analysis reported in
the ensuing sections have used average magnitudes in each
band. The PS1 sample consists of stars with photometric
uncertainties less than 0.1 mag in different PS1 bands.
2.2.3 2MASS
We have also used the 2MASS point source catalog
(Cutri et al. 2003) for NIR (JHKs) photometry in the Cz3
region. This catalog is reported to be 99 percent complete
down to the limiting magnitudes of 15.8 mag, 15.1 mag and
14.3 mag in the J (1.24 µm), H (1.66 µm) and Ks (2.16 µm)
band, respectively8. The 2MASS sample consists of stars
with photometric uncertainties less than 0.1 mag in the J ,
H and Ks bands.
3 RESULTS AND ANALYSIS
3.1 Structure of the Cz3 cluster
To study the structure of the Cz3 open cluster, we obtained
stellar number density maps for the sample of stars taken
5 https://gea.esac.esa.int/archive/
6 http://ps1images.stsci.edu/cgi-bin/ps1cutouts
7 http://catalogs.mast.stsci.edu/
8 http://tdc-www.harvard.edu/catalogs/tmpsc.html
from the PS1, Gaia, and 2MASS surveys covering 10 × 10
arcmin square FOV around this cluster region. We have
also generated the stellar number density map for a sam-
ple of member stars of Cz3 cluster (cf. Section 3.2). The
stellar number density maps were generated using the near-
est neighbor (NN) method as described by Gutermuth et al.
(2005). We took the radial distance necessary to encompass
the sixth nearest stars and computed the local surface den-
sity in a grid size of 5 arcsec (cf. Gutermuth et al. 2009).
The stellar number density contours derived by this method
are plotted in Fig. 3 as black curves smoothened to a grid of
size 3 × 3 pixels. The lowest contour is 1σ above the mean
of stellar density and the step size is equal to the 1σ. As
can be seen from the contours, the central core region of
this cluster is almost circular, whereas the outer region is
highly elongated and has another peak of lower density. To
study the structure of the cluster, a reliable membership,
e.g., on the basis of PM, is required. The PM errors in the
Gaia data towards fainter magnitudes are very high, hence
we used the PS1 data which has similar depth as Gaia data
to demarcate the cluster extent and core region of the Cz3.
The cluster extent (lowest density contour) and core (re-
gion within the half of the peak value of stellar density) are
shown with red circle and red contour, respectively, in the
panel (a) of Fig. 3. We have divided the cluster region into
two parts, one containing the central region and other con-
taining the extended region. The demarcation between these
two regions is shown with a dotted line. The core region,
centered at αJ2000: 01
h03m06s.9, δJ2000: +62
◦47′00′′, has a
radius of ∼30 arcsec. Bisht et al. (2017) have derived slightly
off-center coordinates of this cluster as αJ2000: 01
h02m50s.4,
δJ2000: +62
◦48′36′′, with core and cluster radii as 36 arcsec
and 300 arcsec, respectively (cf. Fig. 1).
As the cluster is showing highly elongated morphology,
we refine the definition of the cluster area using the convex
hull9 rather than a circular area around the objects, as the
later method tends to significantly overestimate the area of
the cluster, in particular if the cluster is elongated or ir-
regularly shaped rather than spherical (Schmeja & Klessen
2006). The convex hull for the stars located within the low-
est density contour is computed using the program Qhull10.
We estimate the area of the cluster Acluster using the convex
hull of the data points, normalized by an additional geomet-
9 Convex hull is a polygon enclosing all points in a grouping with
internal angles between two contiguous sides of less than 180◦.
10 Barber, C. B., D.P. Dobkin, and H.T. Huhdanpaa, ”The
Quickhull Algorithm for Convex Hulls,” ACM Transactions on
Mathematical Software, 22(4):469-483, Dec 1996, www.qhull.org
[http://portal.acm.org; http://citeseerx.ist.psu.edu].
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Figure 3. Stellar density contours (black curves) generated by using the nearest neighbor method from the PS1 (panel a), Gaia (panels
b and d), and 2MASS (panel c) data. Panel (d) represents isodensity contours derived by using the location of member stars (cf. Section
3.2). The purple curve represents the Qhull for the stars located within the lowest density contour. In panel (a), the red density contour
and red circle represent the cluster and core regions, respectively. The dotted line represents the demarcation between the central and
extended regions.
Table 2. Structural parameters of the CZ3 cluster.
ID Sample ntotal nhull Ahull Acluster Rcluster Rcirc Aspect
(arcmin2) (arcmin2) (arcmin) (arcmin) ratio
(a) PS1 131 9 4.05 4.35 1.18 1.65 1.96
(b) Gaia 176 10 4.16 4.40 1.18 1.61 1.86
(c) 2MASS 73 13 4.00 4.87 1.25 1.60 1.64
(d) Gaia (members) 45 8 2.69 3.27 1.02 1.27 1.55
Average - - 3.73 4.22 1.16 1.53 1.75
MNRAS 000, 1–15 (2020)
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rical factor taking into account the ratio of the number of
objects inside and on the convex hull (Hoffman et al. 1983;
Schmeja & Klessen 2006):
Acluster =
Ahull
(1− nhull
ntotal
)
(4)
where, Ahull is the area of convex hull, nhull is the num-
ber of vertices on convex hull, and ntotal is the number of
objects. The correction factor is used since the convex hull
by itself tends to be smaller than the true sampling win-
dow. To be consistent, we define the cluster radius Rcluster
as the radius of a circle with the same area Acluster. We
have also estimated the circular radial size, Rcirc, defined as
half of the largest distance between any two members, the
radius of the minimum area circle that encloses the entire
grouping. For each data sets, the estimated values for Ahull,
Acluster, Rcluster and Rcirc are listed in Table 2. The ratio
R2circ
R2
cluster
, which is a measure of the aspect ratio of a clus-
ter (Gutermuth et al. 2009) is also listed in the same table.
In general, these values suggest towards a highly elongated
morphology of this cluster. The estimated extent of the clus-
ter (Rcluster =1.18 arcmin from PS1 sample) is much smaller
than the values reported in the previous studies.
3.2 Membership Probability
Gaia DR2 release has opened up the possibility of an en-
tirely new perspective on the problem of membership de-
termination in cluster studies by providing the new and
precise parallax measurements upto very faint limits11.
To determine the membership probability, we adopted the
method described in Balaguer-Nu´nez et al. (1998). This
method has previously been used extensively (see e.g.,
Bellini et al. (2009, ω Centauri); Sariya et al. (2012, NGC
6809); Yadav et al. (2013, NGC 3766); Sariya et al. (2017,
NGC 3201)). In this method, we first construct the frequency
distributions of cluster stars (φνc ) and field stars (φ
ν
f ) using
the following equations:
φ
ν
c =
1
2π
√
(σ2c + ǫ
2
xi
)(σ2c + ǫ
2
yi
)
×exp

−
1
2

 (µxi − µxc)2
σ2c + ǫ
2
xi
+
(µyi − µyc)
2
σ2c + ǫ
2
yi




(5)
φ
ν
f =
1
2π
√
1 − γ2
√
(σ2
xf
+ ǫ2
xi
)(σ2
yf
+ ǫ2
yi
)
×exp


−
1
2(1 − γ2)


(µxi − µxf )
2
σ2
xf
+ ǫ2
xi
−
2γ(µxi − µxf )(µyi − µyf )√
(σ2
xf
+ ǫ2
xi
)(σ2
yf
+ ǫ2
yi
)
+
(µyi − µyf )
2
σ2
yf
+ ǫ2
yi




(6)
where µxi, µyi and ǫxi, ǫyi are the PMs and the errors
in PMs of the ith star, respectively. µxc, µyc and σc, and
µxf , µyf and σxf , σyf are the PM center and the PM dis-
persion of the cluster and field stars, respectively. Subscript
‘x’ refers to the RA component of the PM corrected with ge-
ometric transformation, whereas subscript ‘y’ refers to the
11 https://www.cosmos.esa.int/web/gaia/dr2
Dec component of the PM. γ is the correlation coefficient
which is calculated as:
γ =
(µxi − µxf )(µyi − µyf )
σxfσyf
(7)
Gaia PM data located within the convex hull of the
cluster region are used here to determine membership prob-
ability of cluster member stars. PMs µx and µy are plotted
as vector-point diagrams (VPDs) in the panel 1 of Fig. 4.
The panel 2 shows the corresponding G versus GBP −GRP
colour-magnitude diagrams (CMDs). The dots in sub-panel
1(a) represent PM distribution of all the stars where a promi-
nent clump within a radius of ∼0.6 mas yr−1 centered at
µxc = -0.23 mas yr
−1, µyc = -0.31 mas yr
−1 can bee seen.
This population of stars have almost similar PMs and have
high probability for cluster membership. Remaining stars
with scattered PM values are most probably a field pop-
ulation. This is more clearer in the VPDs and CMDs of
probable cluster and field populations as shown in the sub-
panels 1(b), 1(c), 2(b), and 2(c), respectively. The probable
cluster members are showing well defined MS in the CMD
which is usually seen for the similar population of stars. On
the other hand, the probable field stars are quite obvious by
their broad distribution in the CMD. Assuming a distance
of 3.5 kpc (the present estimate for the Cz3 cluster, Section
3.3) and a radial velocity dispersion of 1 km s−1 for open
clusters (Girard et al. 1989), the expected dispersion (σc) in
PMs would be ∼0.06 mas yr−1. For field stars we have: µxf
= -0.88 mas yr−1, µyf = -0.58 mas yr
−1, σxf = 5.9 mas
yr−1 and σyf = 3.2 mas yr
−1. The membership probability
(ratio of distribution of cluster stars with all the stars) for
the ith star is:
Pµ(i) =
nc × φ
ν
c (i)
nc × φνc (i) + nf × φ
ν
f (i)
(8)
where nc (=0.29) and nf (=0.71) are the normalized
number of stars for the cluster and field regions (nc+nf =
1).
The membership probability estimated as above, errors
in the PM, and parallax values are plotted as a function of
G magnitude in panel 3 of Fig. 4 . As can be seen in this
plot, a high membership probability (Pµ > 90 percent) ex-
tends down to G ∼20 mag. At brighter magnitudes, there is
a clear separation between cluster members and field stars
supporting the effectiveness of this technique. Errors in PMs
become very high at faint limits, and the maximum proba-
bility gradually decreases at those levels. Except for a few
outliers, most of the stars with high membership probability
(Pµ > 90 percent) are following a tight distribution. Finally,
on the basis of above analysis, 45 stars were assigned as clus-
ter members based on their high membership probability Pµ
(>90 percent; green circles with black rings in Fig. 4 (panels
3a and 3c)). The details of these member stars are given in
Table 3.
3.3 Distance and age of the cluster
Using the Gaia data and maximum likelihood procedure,
Cantat-Gaudin et al. (2018) have recently calculated the
parallax and distance of this cluster as 0.195 mas and 4.5
MNRAS 000, 1–15 (2020)
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Figure 4. Panel 1 & 2: PM vector-point diagrams (panel 1) and Gaia DR2 G vs. (GBP −GRP ) CMDs (panel 2) for stars located in the
Cz3 cluster region. The left sub-panels (1(a) and 2(a)) show all stars, while the middle (1(b) and 2(b)) and the right sub-panels (1(c)
and 2(c)) show the probable cluster members and field stars, respectively. Panel 3: Membership probability Pµ, PM errors σPM and
parallax of stars as a function of G magnitude for stars in the Cz3 cluster region. Forty five stars with Pµ >90 percent are considered as
member of the Cz3 cluster and are shown by green circles with black rings.
Table 3. Sample of 45 stars identified as cluster members. The complete table is available in the electronic form only.
ID α(2000) δ(2000) Parallax±σ µα ± σ µδ ± σ G GBP −GRP Probability
(degree) (degree) (mas) (mas/yr) (mas/yr) (mag) (mag) (Percentage)
1 15.800448 62.774239 0.338± 0.454 −0.424± 0.398 −0.389± 0.676 19.903 2.135 91
2 15.765736 62.776619 0.764± 0.395 −0.007± 0.318 −0.009± 0.545 19.696 1.992 94
3 15.782061 62.777065 0.412± 0.192 −0.182± 0.118 −0.155± 0.319 18.709 1.849 99
kpc, respectively. However, they highlighted that the dis-
tances to clusters with mean parallaxes smaller than ∼0.2
mas would be better constrained by a Bayesian approach
using priors based on an assumed density distribution of the
Milky Way (Bailer-Jones et al. 2018) or photometric consid-
erations (e.g., Anderson et al. 2018), or simply with more
classical isochrone fitting methods (e.g., Phelps & Janes
1994; Sharma et al. 2006, 2017; Pandey et al. 2020a,b).
Therefore, we have used both Bailer-Jones et al. (2018) ap-
proach and the isochrone fitting method to constrain the
distance of this cluster.
The mean distance of the identified member stars of this
cluster comes out to be 3.5±0.9 kpc (see, Bailer-Jones et al.
2018). This distance estimation is different from all the pre-
vious measurements of this cluster which places this cluster
at a nearer distance (1.4 - 1.75 kpc, cf. Section 1) or a farther
distance (4.5 kpc, Cantat-Gaudin et al. 2018). Therefore, to
further check the validity of this distance (3.5 kpc), we have
used the isochrone fitting method on the cluster CMD which
is demonstrated successfully in many previous studies (cf.,
Phelps & Janes 1994; Sharma et al. 2006, 2017; Friel et al.
2014; Perren et al. 2015; Bossini et al. 2019; Pandey et al.
2020a,b). To fit the isochrone to the CMD, we need the
information of reddening in the direction of the cluster.
The MWSC provides the reddening value for this cluster as
AV ∼2.9 mag. Recently, using the Gaia parallaxes and stel-
lar photometry from PS1 and 2MASS, Green et al. (2019)
have generated a three-dimensional map of dust reddening
known as Bayestar dust map. We have used their map to
estimate the reddening towards the direction of Cz3, which
comes out to be similar to the MWSC estimate and this
value has been used in the present analyses. The relative ex-
tinction values in different passbands thereafter have been
estimated by using the relations given in Wang & Chen
(2019).
In Fig. 5, we show the CMD of the stars located in the
cluster region (black dots) using the PS1 data. The iden-
tified member stars are shown with green circles. We also
show the zero-age main-sequence (ZAMS) generated from
Pastorelli et al. (2019) for solar metallicity (z=0.02), cor-
rected for reddening (AV ∼2.9 mag) and distance of 1.75 kpc
(blue-dotted curve, Bisht et al. 2017), 3.5 kpc (red-dashed
curve, Bailer-Jones et al. 2018) and 4.5 kpc (purple-dashed
curve, Cantat-Gaudin et al. 2018). The index (g − y) has
been used here because of having a very large colour range.
The ZAMS is visually fitted to the lower envelop of the dis-
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Figure 5. PS1 g vs. (g − y) CMD for the stars in the cluster
region (black dots). The green circles are the member stars of the
cluster. The curves denote a ZAMS derived from Pastorelli et al.
(2019) corrected for extinction (AV =2.9 mag) and distances of
1.75 kpc (blue-dotted curve, Bisht et al. 2017), 3.5 kpc (red-
dashed curve, present analysis) and 4.5 kpc (purple-dashed curve,
Cantat-Gaudin et al. 2018). Photometric error bars are also
shown in the CMD.
tribution of member stars where the bend occurs in the MS.
This choice of visual fitting was dictated by several factors,
such as, distribution of binary stars, rotation and evolu-
tionary effects (see for details, Golay 1974; Phelps & Janes
1994). Clearly, out of the three ZAMSs corrected for dif-
ferent distance estimates, the member stars are best rep-
resented by the ZAMS corrected for a distance of 3.5 kpc.
Here, it is worthwhile to note that the visual fitting in this
case is prone to large error as we do not have the error esti-
mates in the extinction values and the cluster can have dif-
ferential/anomalous reddening. Therefore, we have assigned
a distance of 3.5± 0.9 kpc to Cz3 cluster from the distance
estimate of its member stars by Bailer-Jones et al. (2018).
To derive the age of this cluster, we have used the deep
multi-wavelength data from present observations, Gaia, and
PS1, to generate CMDs in different colour spaces and are
shown in Fig. 6. The CMDs display a well defined MS
and a MS turn-off point. The ZAMS (generated from
Pastorelli et al. (2019) for solar metallicity (z=0.02)) cor-
rected for the cluster’s distance and reddening is also shown
by a dashed blue curve. We can visually fit an isochrone of
age ∼0.9 Gyr (red solid curve) taken from Pastorelli et al.
(2019) to the distribution of stars in the post-MS phase
in all the CMDs. For comparison, we have also plotted
the isochrones of 0.8 Gyr and 1.2 Gyr in the CMDs cor-
rected for the distance and reddening which can be assumed
Table 4. The mass function slopes for two sub-regions and for
the whole cluster region in the given mass range.
Mass range Mass Function slopes (Γ)
(M⊙) Central region Extended region Cluster region
2.2− 0.95a 0.21± 0.63 −2.20± 1.90 −1.01± 0.43
2.2− 0.95b 0.61± 0.87 − −
a: PS1 data b: TIRCAM2 data
as upper and lower limits of the age estimation (see e.g.,
Phelps & Janes 1994).
3.4 Mass function
Open clusters possess many favorable characteristics for MF
studies, e.g., clusters contain an (almost) coeval set of stars
at the same distance with the same metallicity; hence, dif-
ficulties such as complex corrections for stellar birth rates,
life times, etc, associated with determining the MF from field
stars are automatically removed. The MF is often expressed
by a power law, N(logm) ∝ mΓ and the slope of the MF is
given as:
Γ = d logN(logm)/d logm (9)
where N(logm) is the number of stars per unit log-
arithmic mass interval. The MS luminosity function (LF)
obtained with the help of the CMD and corrected for the
data incompleteness, has been converted into an MF using
the isochrone of Pastorelli et al. (2019) of age ∼0.9 Gyr, cor-
rected for the distance and extinction.
To derive the MF slopes of the lower mass end of a clus-
ter, it is important to know the completeness limits of the
photometric data. The photometric data may be incomplete
due to various reasons (e.g., crowding of stars, the detec-
tion limit, background nebulosity, etc). To determine the
completeness factor (CF) of the photometric data, we used
the ADDSTAR routine of DAOPHOT II. This method has
been used by various authors (see Sharma et al. 2007, 2008,
2017; Pandey et al. 2020b, and references therein). Briefly,
the method consists of randomly adding artificial stars of
known magnitudes and positions into the original frame.
The frames are reduced with the same procedure used for
the original frame. The ratio of the number of stars recov-
ered to those added in each magnitude interval gives the CF
as a function of magnitude. The luminosity distribution of
artificial stars is chosen in such a way that more stars are
inserted into the fainter magnitude bins. In all, about 15
percent of the total stars are added so that the crowding
characteristics of the original frame do not change signifi-
cantly (see Sagar & Richtler 1991).
We have used the deep PS1 photometric data to gener-
ate g versus (g− i) CMDs to derive MF slopes in the cluster
as well as in the central and extended regions (cf. Fig. 3).
Therefore, for the calculation of CF of this CMD we have
used PS1 images in g and i bands. We first performed PSF
photometry on these images. The detection threshold was
chosen such that the detections are similar to that in the PS1
catalog. The instrumental magnitudes are then converted to
the standard magnitudes by applying offsets determined by
using the PS1 catalog. We have then added artificial stars in
MNRAS 000, 1–15 (2020)
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Figure 6. The CMDs generated from PS1 (left panel), Gaia (middle panel), and TIRCAM2 (right panel) data for the stars in the
cluster region. Symbols are as same as in Fig. 5. The blue dashed and solid red curves denote ZAMS and isochrone of age = 0.9 Gyr,
respectively, derived from Pastorelli et al. (2019). The magenta dotted curves denote the isochrone of age = 0.8 Gyr (upper curve) and
1.2 Gyr (lower curve). All the curves are corrected for distance (3.5 kpc) and extinction (AV =2.9 mag). Photometric error bars are also
shown in the CMDs.
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Figure 7. (Left panel): Completeness factor as a function of g mag for different regions of the Cz3 cluster derived from the artificial
star experiments (ADDSTAR, see Section 3.4 for details). The continuous curves are the smoothened bezier curves for the data points
for completeness for different regions. (Right Panel): Histograms for the number of stars in different magnitude bins showing the limiting
magnitude and completeness factor in PS1 g and i bands.
these images in such a way that they have similar geomet-
rical locations but differ in i brightness according to mean
(g−i) colours (∼ 2 mag) of the MS stars. The minimum value
of the CF of the pair thus obtained is used to correct the data
for incompleteness. We have derived the CF for the central,
extended, and field regions of Cz3 and is shown as a function
of g-band in the left panel of Fig. 7. As expected the incom-
pleteness of the data increases with increasing magnitude
and stellar crowding. The photometric data is 90 percent
complete upto 21.5 mag in the g-band which corresponds to
a star of mass 0.95 M⊙ at the distance of the Cz3 cluster.
The PS1 median 50 percent completeness for the g-band is
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Figure 8. (Left panel): PS1 g vs. (g − i) CMDs for the stars in the cluster and field regions. The symbols are same as in figure 5. The
curves denote a MS envelop created by the MS isochrone of 0.9 Gyr derived from Pastorelli et al. (2019) corrected for the distance (3.5
kpc) and extinction (AV =2.6 mag (left curve) and AV = 3.2 mag (right curve)). Upper and lower horizontal dashed lines represent the
MS turn-off point and 90 percent completeness limit, respectively. (Right panel): A plot of the MF for the cluster, central and extended
regions of Cz3 using PS1 data. Log φ represents log(N/dlog m). Open circles represent data below 50 percent completeness limit and
are not used in the MF analysis. The error bars represent ±
√
N errors. The solid line shows a least squares fit to the MF distribution
(black filled circles).
reported to be 23.2 mag12, and the present estimates are
more or less similar. As assumed in various previous stud-
ies, the peak of the observed LF can be considered as the
90 percent completeness limit of the data (cf. Evans et al.
2003; Willis et al. 2013; Jose et al. 2013, 2016; Sharma et al.
2016; Pandey et al. 2020b; Zhang et al. 2020). Therefore to
further verify our CF values, we have constructed the LFs
for g and i (off-setted by mean MS colour of 2 mag) bands
and are shown in the right panel of Fig. 7. Both the distri-
butions are showing a peak around 21.5 mag and thus agree
with our estimated 90 percent CF value.
In the left panel of Fig. 8, we show the CMD for the
cluster region as well as for the reference region (αJ2000:
01h04m00s.0, δJ2000: +62
◦37′28′′) having the same area. The
contamination due to field stars is greatly reduced by select-
ing a sample of stars which are located near the well-defined
MS (cf. Sharma et al. 2008). Therefore, we generated an en-
velope of ±0.3 mag around the CMD keeping in mind the
distribution of member stars and is shown in the left panel
of Fig. 8. As the MS is extended from ∼16.5 mag (∼2.2
M⊙) to ∼22.5 mag (∼0.85 M⊙), the number of probable
cluster members were obtained by subtracting the contri-
bution of field stars (corrected for data incompleteness), in
different magnitude bins having size of 1.0 mag starting from
12 https://outerspace.stsci.edu/display/PANSTARRS/PS1+Photometric+Depth
g = 16.5 mag, from the contaminated sample of MS stars
(also corrected for data incompleteness). We have shown the
MS turn-off point and 90 percent completeness limit in the
left panel of Fig. 8. One member stars above the MS turn-
off point could be a MS blue straggler star of the cluster.
The resultant MF distributions for the cluster as well as the
central and extended regions are shown in the right panel of
Fig. 8. The values of the MF slopes are listed in Table 4.
We have also used the present deep NIR photometry
taken from TIRCAM2 to derive MF slope of the central re-
gion of Cz3. The CF is determined for J versus J−H CMD
using the same procedure as discussed above and is shown in
the top panel of Fig. 9. To decontaminate the field star pop-
ulation, we have used the CMD of a nearby reference field
taken from the 2MASS survey (for stars having J < 16 mag)
and the Besanc¸on Galactic model of stellar population syn-
thesis (Robin et al. 2003; Ojha et al. 2004) (for stars having
J > 16 mag). To check the accuracy of statistics of number
of stars generated by the Besanc¸on model, we have com-
pared the LF generated from the model with that from the
2MASS survey (J < 16 mag) in the middle panel of Fig.
9. The LFs from both methods are matching well and the
resultant MF distribution is shown in the bottom panel of
Fig. 9. The value of MF slope for the central region of Cz3
deriv d by using TIRCAM2 is listed in Table 4.
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Figure 9. (Top panel): Completeness factor as a function
of J magnitude derived from the artificial star experiments
(ADDSTAR, see Section 3.4 for details) on the TIRCAM2 J and
H band images. The H-band completeness factor is off-setted by
the mean colour of the MS stars (i.e., 1.0 mag). The continuous
curves are the smoothened bezier curves for the data points for
completeness. (Middle panel): A comparison of field stars distri-
bution generated by using a nearby reference field (green filled
circles) and by the model/simulations generated by the Besanc¸on
model (red open circles). (Bottom panel): A plot of the MF for
member stars in the central region of the Cz3 cluster using TIR-
CAM2 data. Log φ represents log(N/dlog m). The error bars
represent ±
√
N errors. The solid line shows a least squares fit to
the MF distribution (black filled circles).
4 DISCUSSION
It is well known that the internal interaction of two-body
relaxation due to encounters among member stars and ex-
ternal tidal forces due to the Galactic disk or giant molec-
ular clouds can further influence the structure of the clus-
ters. The vast majority of Galactic open clusters do not sur-
vive longer than a few hundred million years (Wielen 1971;
Binney & Tremaine 1987). Recently, Yeh et al. (2019) found
that the 99 percent of the cluster mass of an old open cluster
Ruprecht 147 (age = 2.5 Gyr) was lost due to tidal interac-
tion with the Milky way. They have found prominent leading
and trailing trails of stars along the cluster orbit, demon-
strating that the cluster is losing stars at fast pace and is
rapidly dissolving into Galactic disc. Signatures of dissolu-
tion can be seen in many Galactic open clusters in the form
of truncated MS in the cluster’s CMD (Patat & Carraro
1995; Piotto & Zoccali 1999; Stolte et al. 2005), which, in
turn, produce the MF peaked closer to higher mass stars.
Also, the stellar distribution in several star clusters on the
plane of the sky appears elongated or distorted (Yeh et al.
2019). We will discuss those effects in the Cz3 cluster to
check its dynamical status in the following sub-sections.
4.1 Mass function and mass segregation
The higher mass stars mostly follow the Salpeter MF
(Salpeter 1955). At lower masses, the MF is less well con-
strained, but appears to flatten below 1 M⊙ and exhibits
fewer stars of the lowest masses (Kroupa 2002; Chabrier
2003; Lim et al. 2015; Luhman et al. 2016). In this study,
we find a slight change of MF slope from the high to low
mass end with a turn-off at around 1.5 M⊙ for the clus-
ter. This truncation of MF slope at a bit higher mass bins
might be due to the escape of members from the cluster.
We have also found that the MF slopes for the cluster re-
gion (Γ = −1.01 ± 0.43, cf. Table 4) is shallower than the
Salpeter (1955) value i.e., Γ=-1.35, indicating the lack of
low mass stars there. This lack of low mass stars can be
also attributed to their escape from the cluster’s bound-
ary. Stars escape from the parent cluster because of a va-
riety of processes. They can be divided into internal, like
two body relaxation and stellar evolution (Lamers et al.
2005; Dalessandro et al. 2015), and external, like tidal in-
teraction and encounters with molecular clouds, spiral arms,
the Galactic disc and, in general, the interactions with the
Galactic tidal field (Danilov & Seleznev 1994; Gieles et al.
2006; Gieles & Baumgardt 2008; Yeh et al. 2019).
In Fig. 10, we show the CMDs of stars in the central
and extended regions of the cluster. Clearly, there are many
massive stars in the central region as compared to the ex-
tended region of the cluster. To investigate further, we look
for the signature of mass segregation by checking the change
of MF slope from the central region to the outer extended
region of this cluster, which is in fact getting steeper in the
extended region (cf. Table 4). This is an indicative of preva-
lent mass segregation in this cluster. To verify, we have also
used Allison et al. (2009a) method of calculating mass seg-
regation ratio (MSR) as a measure to identify and quantify
mass segregation in the cluster. This method has been up-
dated by Olczak et al. (2011) by using the geometric mean
to minimize the influence of outliers. In this method, the
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minimal sampling tree (MST) for the nMST most massive
stars is constructed and then the mean edge length γmp is
determined. The MST is defined as a network of branches
connecting points such as the total length of the branches
is minimized and there is no loops (Battinelli 1991). This
algorithm has lately become a popular tool to search for
clusters of stars since it is independent from the star’s den-
sity number (Gutermuth et al. 2009; Chavarr´ıa et al. 2014;
Sharma et al. 2016). We then constructed the MST of the
randomly selected same number of stars from the entire sam-
ple and determed the mean edge length γrand. Thereafter,
the value of the MSR ‘ΓMSR’ (Olczak et al. 2011) is esti-
mated as:
ΓMSR =
〈γrandMST 〉
γmpMST
, (10)
and the associated standard deviation of ΓMSR is esti-
mated as:
∆ΓMSR = ∆γ
rand
MST . (11)
This is done 100 times in order to obtain 〈γrandMST 〉. A
value of ΓMSR ≈ 1 indicates that the most massive and
the randomly selected are distributed in a similar man-
ner, whereas ΓMSR > 1 and ΓMSR ≪ 1 points toward
mass segreegation and inverse mass segregation, respectively
(Dib et al. 2018). Since, the Cz3 is an old cluster with negli-
gible differential extinction, we use the magnitudes of mem-
ber stars (cf. Section 3.2) as a proxy for the mass. By this,
we can avoid the introduction of additional uncertainties of
converting the observed luminosities into masses (Dib et al.
2018). We derived ΓMSR = 1.2 ± 2.9, which also suggests
the effect of mass-segregation in this cluster. The large error
in ΓMSR is may be due to a small mass range of this old
cluster.
To decide whether mass segregation is primordial or due
to dynamical relaxation, we have to estimate the dynami-
cal relaxation time, TE, the time in which the individual
stars exchange sufficient energy so that their velocity distri-
bution approaches that of a Maxwellian equilibrium using
the method given by Binney & Tremaine (1987):
TE =
N
8logN
× Tcross (12)
where Tcross =
D
σV
denote the crossing time, N is the
total number of stars in the region under investigation of di-
ameter D, and σV is the velocity dispersion, with a typical
value of 3 km s−1 (Bisht et al. 2017). The estimated value of
dynamical relaxation time, using the member stars (cf. Sec-
tion 3.2), comes out to be TE ∼ 10 Myr for the Cz3 cluster.
A comparison of cluster age (i.e. 0.9 Gyr) with its dynami-
cal relaxation time indicates that the former is much greater
than the latter, leading to the conclusion that this cluster
is dynamically relaxed and the dynamical evolution of stars
could be the reason for the observed mass segregation in this
cluster. One of the consequences of this mass segregation
process is that the lowest-mass members become the most
vulnerable to be ejected out of the system (e.g., see Mathieu
1984) This stellar evaporation, with an e-folding timescale
of τevap ∼ 100 × TE (Shu 1982; Binney & Tremaine 1987),
Figure 10. PS1 g vs. (g − i) CMDs for the stars in the central
and extended regions of the cluster (black dots). Member stars are
shown with green circles. The horizontal dashed line corresponds
to the mass of the brightest star in the extended region identified
as a cluster member by using PM data.
leads to a continuing decrease of the total mass, and hence
the gravitational binding energy of the cluster. Any exter-
nal disturbance, such as the tidal force from nearby giant
molecular clouds or star clusters, passages through Galactic
spiral arms or disks, or a shear force by Galactic differen-
tial rotation, exacerbates the disintegration of the cluster.
As τevap comes out to be ∼1 Gyr for Cz3 having age∼0.9
Gyr, this cluster can be considered as a probable candidate
undergoing disintegration processes.
4.2 Morphological structure
By analyzing the stellar density distribution morphology,
observational analyses can address the link between star
formation, gas expulsion, and the dynamics of the clus-
ters, as well as how these processes guide the evolution of
clusters (Gutermuth et al. 2005). From the isodensity con-
tours (cf. Section 3.1), we have found that this cluster is
showing elongated morphology. We will now derive the Q
parameter of the sample of cluster members identified in
the Section 3.2. The Q parameter is generally used to dis-
tinguish between clusters with a central density concentra-
tion and hierarchical clusters with a fractal substructure (cf.
Cartwright & Whitworth 2004, 2009), to quantify the struc-
ture of this cluster. The Q parameter (Q = l¯MST
s¯
) combines
the normalized correlation length s¯ i.e. the mean distance be-
tween all stars, and the normalized mean edge length l¯MST
derived from the MST. The MST mean branches length
‘lMST ’ is calculated directly from the MST total length di-
vided by the number of branches ‘N’ minus 1. Then, it is nor-
malized by
√
Acluster/N . In a similar way, the mean separa-
tion between points ‘s’ is normalized by Rcluster. Using the
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Figure 11. Histogram of the nearest neighbor (NN2) lengths
for the stars in the cluster region of Cz3. The magenta, green
and blue histograms represent Gaia, 2MASS and TIRCAM2 data,
respectively (see the text for details).
normalized values l¯MST and s¯, the Q parameter becomes in-
dependent from the cluster size (Schmeja & Klessen 2006).
According to Cartwright & Whitworth (2004), both l¯MST
and s¯ values decrease as the degree of radial concentration
increases (or the level of hierarchy decreases). However, s¯
decreases faster than l¯MST . This way, a group of (xN , yN )
points distributed radially will have a high Q value (Q >
0.8) while clusters with a more fractal distribution will have
a low Q value (Q < 0.8) (Cartwright & Whitworth 2004;
Chavarr´ıa et al. 2014). We have found Q=0.75, for the mem-
ber stars of the Cz3 cluster (cf. Section 3.2) in the magnitude
range 15 > G > 19 mag, indicating fractal distribution of
stars in this cluster. This is in agreement with our isodensity
contour structures having two peaks in the cluster region.
The dynamical evolution of stars in a region can also
be analyzed by deriving the typical spacing between them
and comparing this spacing to the Jean’s fragmentation
scale for a self-gravitating medium with thermal pressure
(Gomez & Llibre 1983). We measured the projected distance
from each star to its nearest star neighbor (NN2) and plot-
ted their histograms with a bin size of 0.02 pc in Fig. 11, for
the stars in the cluster region from the TIRCAM2 as well
as from the 2MASS data and, for the Gaia identified mem-
bers stars (cf. Section 3.2). The TIRCAM2 sample shows a
smaller NN2 distance distribution as compared to 2MASS
data, may be due to a better resolution of the present TIR-
CAM2 observations, but, all the histograms are showing a
major peak in their distribution at ∼0.1 pc with a long tail
at larger distances. Gutermuth et al. (2009), in their study
of NN2 spacing’s of stellar sources in 36 young star-forming
clusters, found a well-defined peak at 0.02-0.05 pc and a
tail extending to the spacings of 0.2 pc or greater. Recently,
Sharma et al. (2016) also found a well-defined single peak
around 0.03 pc with extended spacing upto 1 pc in their
histogram of NN2 spacings of stellar sources in a sample of
eight bright-rimmed clouds (BRCs). NN2 spacings of stellar
sources in young star-forming regions having a well-defined
single peak at smaller spacing (0.03-0.05 pc) indicate a sig-
nificant degree of Jean’s fragmentation, whereas in the Cz3
cluster case, which is comparatively an older cluster, the
peak of similar distribution at a larger distance (∼0.1 pc)
indicates a role of stellar dynamics in the structural evolu-
tion of this cluster.
We have also calculated the mean (∼17 stars/pc2) and
peak (∼100 stars/pc2) stellar densities in this cluster us-
ing the position of members stars of this cluster (cf. Sec-
tion 3.2) by using NN based technique discussed in Section
3.1. Chavarr´ıa et al. (2014) and Gutermuth et al. (2009),
have derived mean stellar densities as 33 and 60 stars/pc2
and the peak stellar densities as 150 and 200 stars/pc2, re-
spectively, for their samples of embedded clusters. Recently,
Sharma et al. (2016) also found similar values for the mean
(∼60 stars/pc2) and peak (∼150 stars/pc2) stellar densities
in the core region of a sample of eight BRCs.
The tidal radius of a star cluster in the solar neigh-
borhood is computed by using the equation given by
Pinfield et al. (1998):
rt =
{
GMC
2(A−B)2
}1/3
(13)
where G is the gravitational constant, MC is the total
mass of the cluster, and A and B are the Oort constants,
A = 15.3 ± 0.4 kms−1 kpc−1, B = 11.9 ± 0.4 kms−1 kpc−1
(Bovy 2017). Upto the completeness limit of the present pho-
tometric data i.e. 0.95 M⊙, the mass of the cluster is esti-
mated as MC = 89 M⊙ from the MF distribution of the
cluster stars as derived from the LF of the member stars
(cf. Section 3.4). The corresponding tidal radius comes out
to be 6.4± 0.2 pc. This is a good approximation even if we
have missed 50 percent of the cluster mass in the lower mass
bins due to data incompleteness. The tidal radius will not
change much as the resultant tidal radius then will be ∼8
pc. Therefore, we can conclude that the tidal radius (rt ∼6.4
pc) of this cluster is much larger than the present estimate
of the cluster radius (Rcluster ∼1.2 pc). Usually, the cluster
boundary is taken as one tidal radius, as in the case of Blanco
1 (Zhang et al. 2020) or Coma Bernices (Tang et al. 2019).
But, there are some studies (see e.g., Ro¨ser et al. 2019), in
which the cluster boundary of 2 tidal radii was adopted.
Also the Cz3 cluster is showing elongated structure and the
extended tail like structure might be caused by tidal forces
from a nearby massive object, by disk crossing, or by differ-
ential rotation in the disk. Tidal stripping depends on the
mass and also on the age of a cluster, e.g., the ratio of the
members inside the tidal radius to those outside for a young
(∼ 100 Myr) cluster Blanco is reported to be 3 (Zhang et al.
2020). Whereas, for a cluster with age ∼ 700 Myr, Coma
Berenices, this ratio comes out to be 0.6 (Tang et al. 2019).
For an old (∼ 800 Myr) but a massive cluster, Hyades, this
ratio is ∼ 1.1 (Ro¨ser et al. 2019).
Therefore, the observed small size of this old (∼ 0.9
Gyr) cluster looks like the remain of a cluster which has al-
ready lost many of its member stars. The shallow MF slope,
signature of mass-segregation, low density/large separation
of stars, elongated and distorted morphologies of this dy-
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namically relaxed cluster (TE = 10 Myr), indicate that the
Cz3 (age = 0.9 Gyr) is a loosely bound old cluster which
may be under the process of dissolution under the influence
of external tidal interactions.
5 SUMMARY AND CONCLUSION
We have performed a detailed analysis of the Cz3 open clus-
ter using deep NIR observations taken from TIRCAM2 on
3.6m DOT along with the recently available high quality
PM data from the Gaia DR2 and deep photometric data
from PS1. We have investigated the structure of this clus-
ter, determined the membership probability of stars in the
cluster region, derived the fundamental parameters of the
cluster, and studied the MF and mass segregation in this
cluster. The main results of this study can be summarized
as follows:
• We have derived the structural parameters of this clus-
ter by using isodensity contours and found that the Cz3 clus-
ter is showing an elongated morphology. The area of this
cluster from PS1 data is estimated as 4.35 arcmin square
which corresponds to a circular radius of 1.18 arcmin (1.2
pc). The core radius of this cluster is found to be 30 arcsec
(∼0.5 pc).
• Using Gaia DR2 data, 45 stars were marked as highly
probable cluster members. We have estimated the distance
of this cluster both using parallax of member stars and the
CMD fitting technique and found that the cluster is located
at a distance of 3.5 ± 0.9 kpc. We have also estimated the
age of this cluster as 0.9+0.3−0.1 Gyr.
• We have derived the MF slope (Γ) in the cluster region
in the mass range ∼0.95<M/M⊙<2.2 as −1.01±0.43, which
is shallower than the value ‘-1.35’ given by Salpeter (1955).
The cluster is showing a signature of mass-segregation and
the dynamical age of this cluster is found to be much less
than the age of the cluster, indicating that this cluster is
dynamically relaxed.
• The Q parameter value for this cluster suggests a frac-
tal distribution of stars in this cluster which is in agreement
with isodensity contour structures showing elongated mor-
phology with two peaks. We have found a major peak in the
NN2 distance distribution of the stars in this cluster at ∼0.1
pc, which is larger than that of stars in young star-forming
regions (∼0.03-0.05 pc).
Finally, from the observed, small size of this old (∼0.9 Gyr)
cluster as compare to its tidal radius, shallow MF slope,
signature of mass-segregation, low density/large separation
of stars, elongated and distorted morphology, dynamical re-
laxation time (TE=10 Myr) compared to the age of Cz3
(age=0.9 Gyr), we conclude that the Cz3 is a loosely bound
old disintegrating cluster under the influence of external
tidal interactions.
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